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TITLE OF THE INVENTION 
SUBSTRATE HOLDER HAVING A FLUID GAP AND METHOD OF FABRICATING 

THE SUBSTRATE HOLDER 

BACKGROUND OF THE INVENTION 

Field of the Invention 

[0001] The present invention is generally related to semiconductor processing systems and, 
more particularly., to a substrate holder having a fluid gap and a method of fabricating the 
substrate holder. 

Discussion of the Background 

[0002] Many processes (e.g., chemical, plasma-induced, etching and deposition) depend 
significantly on the instantaneous temperature of a substrate (also referred to as a wafer). 
Thus, the capability to control the temperature of a substrate is an essential characteristic of a 
semiconductor processing system. Moreover, fast application (in some important cases, 
periodically) of various processes requiring different conditions within the same vacuum 
chamber requires the capability of rapid change and control of the substrate temperature. 
One method of controlling the temperature of the substrate is by heating or cooling a 
substrate holder (also referred to as a chuck). Methods to accomplish faster heating or 
cooling of the substrate holder have been proposed and applied before, but none of the 
existing methods provide rapid enough temperature control to satisfy the growing 
requirements of the industry. 

[0003] For example, flowing liquid through channels in the chuck is one method for cooling 
substrates in existing systems. However, temperature of the liquid is controlled by a chiller, 
which is usually located at a remote location from the chuck assembly, partially because of its 



1 



WO 2005/074450 PCT/US2004/039780 

noise and size. The chiller unit is also limited in its capabilities for rapid temperature change 
due to the significant volume of the cooling liquid and the limitations on heating and cooling 
power. Moreover, there is an additional time delay for the chuck to reach a desired 
temperature setting, depending mostly on the size and material of the chuck block. These 
factors limit how rapidly the substrate can be heated or cooled to a desired temperature. 
[0004] Other methods have also been proposed and used, including the use of an electric 
heater embedded in a substrate holder to affect heating of the substrate. The embedded heater 
increases the temperature of the substrate holder, but the cooling thereof is still dependent on 
cooling liquid controlled by a chiller. Also, the amount of power that can be applied to the 
embedded heater is limited, as the chuck materials in direct contact with the embedded heater 
may be permanently damaged. The temperature uniformity on an upper surface of the 
substrate holder is also an essential factor and further limits the rate of heating. All of these 
factors place limits on how rapidly a temperature change of a substrate can be accomplished. 
[0005] Further, to fabricate the substrate holder, the embedded heater and the cooling fluid 
channel assembly should be attached to one another such that a connection of satisfactory 
strength is obtained. However, the method of attachment should not unsatisfactorily interfere 
with the ability to rapidly change the temperature of the substrate holder. 



BRIEF SUMMARY OF THE INVENTION 
[0006] One object of the present invention is to solve or reduce the above described and/or 
other problems in the art of substrate processing devices; 

[0007] Another object of the invention is to provide a substrate holder having a heater and 
cooling channel assembly attached to one another in a way that provides satisfactory strength, 
but does not unsatisfactorily interfere with the ability to rapidly change the temperature of the 
substrate holder. 
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[0008] These and/or other objects of the present invention may be provided by a substrate 
holder for supporting a substrate that can include a heating component positioned adjacent to 
a supporting surface and between the supporting surface and a cooling component. A fluid 
gap can be positioned between the cooling component and the heating component, the fluid 
gap configured to receive a fluid to control thermal conduction between the cooling 
component and the heating component. A brazing material can be disposed between the 
cooling component and the heating component, to join the components, the brazing material 
disposed adjacent to the fluid gap. 

[0009] The present invention further provides a substrate holder that can include means for 
preventing flow of the brazing material into the fluid gap. 

[0010] In a preferred embodiment of the invention, the means can include a groove. 
[0011] The present invention further provides a method of manufacturing a substrate holder 
including a heating component and a cooling component, including providing a fluid gap 
configured to receive a fluid to control thermal conduction between the heating component 
and the cooling component, and inserting a brazing material between the heating component 
and the cooling component adjacent to the fluid gap. 



BRIEF DESCRIPTION OF THE DRAWINGS 
[0012] The accompanying drawings, which are incorporated in and constitute a part of the 
specification, illustrate presently preferred embodiments of the invention, and together with 
the general description given above and the detailed description of the preferred embodiments 
given below, serve to explain the principles of the invention. 

[0013] FIG. 1 is a schematic view of a semiconductor processing apparatus in accordance 

with an exemplary embodiment of the present invention. 

[0014] FIG. 2 is a cross-section view of the substrate holder of FIG. 1. 

[0015] FIG. 3 is a detail view of a portion of the substrate holder of FIG. 2. 
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DETAILED DESCRIPTION OF THE INVENTION 
[0016] Referring now to the drawings, where like reference numeral designations identify the 
same or corresponding parts throughout the several views, several embodiments of the 
present invention are next described. 

[0017] Figure 1 illustrates a semiconductor processing system 1, which can be used for 
chemical and/or plasma processing, for example. The processing system 1 includes a 
vacuum processing chamber 10, a substrate holder 20 having a supporting surface 22, and a 
substrate 30 that is supported by substrate holder 20. The processing system 1 also includes a 
pumping system 40 for providing a reduced pressure atmosphere in the processing chamber 
10, an embedded electric heating component 50 energized by a power supply 130, and an 
embedded cooling component 60 with channels for a liquid flow controlled by a cooling 
channel assembly 120. A fluid gap 90 is provided between the heating component 50 and the 
cooling component 60. A fluid supply unit 140 is provided to supply and remove a fluid 92 
from the fluid gap 90 via the conduit 98 to facilitate heating and cooling of the substrate 
holder 20. As a non-limiting example, the fluid can be helium (He) gas or, alternatively, any 
other fluid capable of rapidly and significantly increasing or decreasing the heat conductivity 
across fluid gap 90. 

[0018] Figures 2 and 3 show additional details of the substrate holder 20 in relation to the 
substrate 30. As seen in the figures, the helium backside flow 80 is provided from a He 
supply (not shown) for enhanced thermal conductivity between the substrate holder 20 and 
the substrate 30. The enhanced thermal conductivity ensures that rapid temperature control 
of the supporting surface 22, which is directly adjacent to the heating component 50, leads to 
rapid temperature control of the substrate 30. Grooves on the surface 22 are used for wafer- 
backside gas distribution. Typical gases used for backside flow are He and Ar, but others 
may also be used. The substrate holder 20 can include an electrostatic clamping electrode 
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(not shown) and a corresponding DC power supply and connecting elements required to 
provide electrostatic clamping of substrate 30 to substrate holder 20. 

[0019] As shown in Figures 2 and 3, the heating component 50 can have a body portion 52 
adapted to transfer heat to and from the substrate holder 20 and subsequently the substrate 30 
during operation of the heating component 50 and the cooling component 60. The body 
portion 52 can be manufactured from an aluminum alloy and formed by machining or 
casting. In a preferred embodiment of the invention, the body portion 52 is made of cast 
aluminum alloy. 

[0020] The body portion 52 can include an embedded heater 54. The embedded heater 54 
can include one or more heater zones, which can be separately energized to heat sections of 
the body portion 52, and to transfer heat to the substrate holder 20 and the substrate 30. In a 
preferred embodiment of the invention, the body portion 52 includes two (2) heater zones that 
are separately energized and cast into the body portion 52 of the heating component 50, such 
that the heating component 50 is a unitary part that includes the body portion 52 and the 
embedded heater 54. 

[0021] An example of a preferred heating component 50 including the body portion 52 and 
the embedded heater 54 is a plate heater with Inconel alloy external tubes having a diameter 
of about 0.4 mm, and a nichrome alloy wire heater insulated from the external tube with 
magnesium oxide, available from Watlow Electric Manufacturing Co., of St. Louis, Missouri. 
[0022] As shown in Figures 2 and 3, the cooling component 60 can include an upper cap 62 
and a lower cap 64 adapted to transfer heat from the substrate holder 20 and subsequently the 
substrate 30 during operation of the cooling component 60. 

[0023] The upper cap 62 can include a plurality of channels 66 arranged to contain liquid 
flow controlled by the cooling channel assembly 120, to thereby chill the cooling component 
60 and subsequently the substrate holder 20 and substrate 30. The upper cap 62 can be 
manufactured from an aluminum alloy, and can be formed by machining or casting. In a 
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preferred embodiment of the invention, the upper cap 62 is a cast aluminum alloy, and more 
preferably is the same cast aluminum alloy as the body portion 52 of the heating component 
50. 

[0024] The lower cap 64 of the cooling component 60 can include a flat surface defining a 
closed volume with the channels 66 of the upper cap 62 to prevent undesired leakage of the 
liquid from the cooling component 60. The lower cap 64 can be manufactured from an 
aluminum alloy, and/or can be formed by casting. Thus, in a preferred embodiment of the 
invention, the lower cap 64 is a cast aluminum alloy, and more preferably is the same cast 
aluminum alloy as the upper cap 62 of the cooling component 60, and still more preferably is 
also the same cast alloy as the body portion 52 of the heating component 50. 
[0025] Although the figures show certain preferred embodiments of the cooling component 
60 including the channels 66 disposed entirely in the upper cap 62, it is to be understood that 
the channels 66 can be disposed in either or both of the upper cap 62 and the bottom cap 64. 
[0026] As shown in Figures 2 and 3, the fluid gap 90 can be provided between an upper 
internal surface of the cooling section 60 and a lower internal surface of the heating section 
50, such that the heat conductance across the fluid gap 90 is minimized, while keeping the 
surfaces very close (i.e., within a range of a few microns; preferably, approximately 50 
microns) to each other. With this configuration, the thermal conductance across fluid gap 90 
can be varied by two orders of magnitude or more, in a controllable fashion, by the 
introduction and evacuation of fluid 92. 

[0027] Details of the fluid gap 90 are discussed in Applicants' co-pending application no. 
10/670,292 (Attorney Docket No. 237539US6YA), the disclosure of which is incorporated by 
reference herein in its entirety. As discussed in the co-pending application, the fluid gap 90 
can define a single-zone system, and as shown in the figures can define a dual-zone system in 
which a first zone 94a includes and is formed by inner grooves and inner ports (not shown), 
and a second zone 94b includes and is formed by outer grooves and outer ports (not shown). 
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In the dual-zone system, the inner grooves govern pressure, thermal conductance, and/or 
temperature in the first zone 94b of the substrate holder 20, while the outer grooves govern 
these conditions in the second zone 94a of the substrate holder 20. Any of the grooves in 
either the single- or dual-zone systems can be disposed in entirely or partially in the heating 
component 50 and the cooling component 60, and more particularly in the body portion 52 of 
the heating component 50 and the upper cap 62 of the cooling component 60. 
[0028] Details of connections among components of the substrate holder 20 are discussed 
below. 

[0029] It is to be understood that the system shown in Figures 1 to 3 is exemplary only and 
that other elements may be included. For example, the processing system 1 can also include 
a RF power supply and an RF power feed, pins for placing and removing the wafer, a thermal 
sensor, and any other elements known in the art. The processing system 1 can also include 
process gas lines entering the vacuum chamber 10, and a second electrode (for a capacitively- 
coupled-type system) or an RF coil (for an inductively-coupled-type system), for exciting the 
gas in the vacuum chamber 10 into a plasma. The invention is also applicable to non-plasma 
processing, such as rapid thermal processing of wafers. 

[0030] The various embodiments of the present invention can be operated as follows. During 
a heating phase, the heating component 50 is powered, while the fluid 92 is evacuated from 
the fluid gap 90 to a low pressure, in the neighborhood of lOTorr. In this way, the heat 
conductance across the fluid gap 90 is greatly decreased such that the fluid gap 90 acts as a 
heat barrier. That is, the evacuation step effectively separates the portion of the substrate 
holder 20 directly surrounding the cooling component 60 from the portion of the substrate 
holder 20 directly surrounding the heating component 50. Thus, the mass of the substrate 
holder 20 to be heated by the heating component 50 is effectively reduced to only the portion 
of the substrate holder 20 directly over and surrounding the heating component 50, allowing 
rapid heating of the supporting surface 22 and the wafer 30. Alternative to the use of the 
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heating component 50, heating can be provided by an external heat flux, such as heat flux 
from the plasma generated in the vacuum chamber 10. 

[0031] In the cooling phase, the heating component 50 is turned off, the fluid 92 is supplied 
to the fluid gap 90 from the fluid supply unit 140, and the cooling component 60 is activated. 
When the fluid gap 90 is filled with the fluid 92 at a higher pressure, for example atmospheric 
pressure (760Torr), the heat conductance across the fluid gap 90 is significantly increased, 
thus providing rapid cooling of the supporting surface 22 and the wafer 30 by the cooling 
component 60. Contact between the body portion 52 of the heating component 50 and the 
upper cap 62 of the cooling component 60 prevents the fluid 92 from flowing out of the fluid 
gap 90. 

[0032] The various embodiments of the invention can be assembled, fabricated, or otherwise 
formed as follows. As stated above, the channels 66 can be formed in either or both of the 
upper cap 62 and lower cap 64 of the cooling component 60. The upper cap 62 and the lower 
cap 64 of the cooling component 60 can be connected with one another, to thereby close the 
channels 66. The upper cap 62 and the lower cap 64 formed of suitable materials can be 
brazed to one another by insertion of a brazing material 82, which can be in the form of a 
sheet, between surfaces of the upper cap 62 and the lower cap 64, and by heating of the 
cooling component 60 to a temperature above a melting point of the brazing material 82 and 
below a melting point of one or both of the upper cap 62 and lower cap 64. Thus, in a 
preferred embodiment of the invention, which includes the upper cap 62 and the lower cap 64 
formed of the same cast aluminum alloy, the upper cap 62 can be brazed to the lower cap 64 
to form the cooling component 60. 

[0033] The body portion 52 of the heating component 50 can be cast with the embedded 
heater 54, to thereby form the heating component 50. 

[0034] The heating component 50 and the cooling component 60, and more particularly the 
body portion 52 of the heating component 50 and the upper cap 62 of the cooling component 
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60, can be connected with one another. As described in the Background of the Invention 
section above, the heating component 50 and cooling component 60 should be attached to 
one another such that a connection of satisfactory strength and thermal conductance is 
obtained. According to an embodiment of the invention, the body portion 52 of the heating 
component 50 and the upper cap 62 of the cooling component 60 formed of suitable materials 
can be brazed to one another by insertion of a brazing material 84, which can be in the form 
of a sheet, between surfaces of the heating component 50 and the cooling component 60. The 
heating component 50 and the cooling component 60 can be heated above a melting point of 
the brazing material 84 and below a melting point of one or both of the heating component 50 
and the cooling component 60. Thus, in a preferred embodiment of the invention, which 
includes the body portion 52 and the upper cap 62 formed of the same cast aluminum alloy, 
the body portion 52 can be brazed to the upper cap 62 to connect the heating component 50 
and the cooling component 60, to thereby form at least a portion of the substrate 20. 
[0035] The present inventors have recognized, however, that brazing of the heating 
component 50 and the cooling component 60 could result in the brazing material 84 flowing 
into the fluid gap 90 between the body portion 52 and the upper cap 62, thereby obviating the 
advantages provided by the fluid gap 90 configured to be filled with and evacuated of the 
fluid 92. To reduce or prevent the undesired flow of the brazing material 84 into the fluid 
gap 90, the body portion 52 and/or the upper cap 62 can be provided with grooves 70. The 
grooves 70 can be sized, shaped, and/or oriented such that flow of the brazing material 84 
across the grooves is prevented. The grooves 70 can be in the form of concentric circles, and 
can be formed in either or both of the heating component 50 and the cooling component 60 
(i.e., the body portion 52 and/or the upper cap 62). Multiple parallel and/or concentric 
grooves 70 may also be used. 

[0036] The supporting surface 22 can be connected with the body portion 50. In a preferred 
embodiment of the invention, the supporting surface 22 can be mechanically connected to the 
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body portion 52 by way of an adhesive, such as a silicone-based adhesive. The adhesive has 
to allow differential thermal expansion of the bonded parts. 

[0037] The substrate holder 20 can be treated, such as by annealing, hard anodizing, alumina 
or yttria ceramic spray-coating, etc., after brazing, to provide a desired mechanical properties, 
hardness, plasma-resistance, or other desired properties to the heating component 50 and the 
cooling component 60, including properties compromised during the brazing of one or more 
of the components of the substrate holder 20 (e.g. anneal to relieve residual stresses). 
[0038] The present invention can be effectively applied in various systems where efficient 
temperature control or rapid temperature control is of importance. Such systems include, but 
are not limited to, systems using plasma processing, non-plasma processing, chemical 
processing, etching, deposition, film-forming, or ashing. The present invention can also be 
applied to a plasma processing apparatus for a target object other than a semiconductor wafer, 
e.g., an LCD glass substrate, or similar device. Furthermore, it is understood that the present 
invention can be practiced in a number of alternative embodiments wherein the heating 
component 50 includes one or more thermoelectric (Peltier) devices, or one or more channels 
similar to cooling channel 60, through which fluorinated dielectric liquid, water, or steam, are 
flowed at an elevated temperature. Also, the cooling component 60 can include one or more 
thermoelectric (Peltier) devices. 

[0039] It will be appreciated by those skilled in the art that the present invention can be 
embodied in other specific forms without departing from the spirit or essential characteristics 
thereof. The presently disclosed embodiments are therefore considered in all respects to be 
illustrative and not restricted. The scope of the invention is indicated by the appended claims 
rather than the foregoing description and all changes that come within the meaning and range 
and equivalence thereof are intended to be embraced therein. 
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